The presence of known restriction fragment length polymorphisms in the apoprotein A-I-C-III gene cluster, which encodes their respective apoproteins, was investigated using the restriction enzymes Sac I and Pst I to determine the potential role of genetic variations for stroke risk in an American population.
A combination of factors conspires in the development of atherosclerosis and includes hypercho-L lesterolemia, smoking, hypertension, and diabetes mellitus. An important association between abnormal lipid metabolism and atherosclerosis leading to strokes or atherothrombotic brain infarctions (ABI) and coronary heart disease (CHD) has been made in several studies. Various proteins are involved in lipid metabolism functioning as lipid-binding proteins, enzymes, ligands, and receptors. Any alteration in their structure and function may affect lipid metabolism in provoking the atherosclerotic process. If these protein defects causing premature atherosclerosis are genetic, identification of individuals harboring these genes should provide a potential means of disease prevention by instituting appropriate interventional therapies, such as serum cholesterol reduction.
To evaluate the specificity of genetic factors in atherosclerosis, particularly in causing ABIs, genetic variations of candidate gene(s) must be determined directly in a person's DNA by using gene-specific DNA probes, even in the absence of identifiable phenotypic variations. Changes in nucleotide sequences of DNA can be detected by alterations in the sizes of distinct DNA fragments generated by specific restriction endonucleases when hybridized with gene-specific probes. With these restriction fragment length polymorphisms (RFLPs) , it is possible to analyze genetic variations associated with various pathological conditions. Variations in the hybridization pattern of DNA to the target probe identify different alleles, which can be used to determine the allele frequency associated with a particular disease compared with the frequency in the general population or in families.
Lipid profile studies with CHD have shown a more or less consistent pattern of increased plasma low density lipoprotein (LDL) and reduced plasma high density lipoprotein (HDL). 1 -4 Furthermore, reduced HDL alone and its major apoprotein, apolipoprotein (apo) A-I, correlate with premature CHD. 2 Several HDL and apo A-I deficiency states have been described, resulting from different genetic alterations 5 " 15 ; the most common deficiency state is an autosomal dominant disorder resulting in familial hypoalphalipoproteinemia, which is associated with premature CHD and stroke.
6 " 8 The gene coding for apo A-I is closely linked to and tandemly arranged with apo C-III and apo A-IV within a 15-kb DNA segment on the long arm of human chromosome 11.
15~21 This segment of DNA is a highly investigated apolipoprotein gene locus, and at least 11 different RFLPs are in this locus. 22 -30 Of these polymorphisms, a restriction site polymorphism in the 3' noncoding region of the apo C-III gene is associated with hypertriglyceridemia, 28 -30 and a restriction site polymorphism in the 3' flanking region of the apo A-I gene has been reported to be associated with hypoalphalipoproteinemia. 2431 These studies imply that genetic alterations within or near the apo A-I-apo C-III-apo A-IV gene cluster predispose to the development of premature atherosclerosis. However, no specific studies have been carried out on stroke or ABI subjects. A number of investigations of ABI risk factors have been undertaken, such as the Framingham study, in which an initial cohort of over 5,000 individuals has been followed for >35 years with periodic examinations. 32 -39 In that study, the common risk factors for both ABI and CHD were confirmed, including the association of reduced serum HDL and ABI, 40 -45 a known correlation with CHD. 246 Other epidemiological studies have demonstrated similar findings for ABI and CHD.
1 -46 " 8 - 47 In addition to population-based studies, persons exhibiting carotid atherosclerosis with significant stenosis, known to be at increased risk for ABIs, have been investigated for risk factors, and they show elevated LDL/HDL ratios. 47 -48 Collectively, these studies suggest a genetic factor for the pathogenesis of ABIs.
High density lipoprotein is not a single molecular entity. It consists of particles containing almost equal amounts of lipids and proteins. The lipids present are cholesteryl esters, free cholesterol, triglycerides, and phospholipids. The proteins of HDL are composed of apoproteins A, C, and E, of which the major apoprotein is apo A-I. Because HDL is inversely correlated with the development of ABI and CHD, and apo A-I is the major apolipoprotein of HDL, we were interested in identifying changes in the apo A-I gene locus that might account for the low HDL sometimes found in accelerated atherosclerosis, which could be a more sensitive indicator of stroke risk.
The objective of our study was to determine whether genetic alterations in the apo A-I-C-III gene cluster can identify subjects with asymptomatic carotid stenosis who are at increased risk for progression of stenosis and ABIs. We investigated the occurrence of known RFLPs in the apo A-I-C-III gene cluster, particularly with the restriction enzymes Sac I and Pst I, as markers for increased stroke risk, reflected in the occurrence of ABIs, significant carotid bifurcation stenosis, and lipid abnormalities, such as elevated total cholesterol, increased LDL, and/or reduced HDL.
Subjects and Methods

Subjects
Both control and stroke-risk subjects were obtained from the local population through groups affiliated with churches and other organizations. Ninety-eight subjects (70 white, 28 black subjects; 50 men, 48 women) were included in the study. Ages ranged from 45 to 80 years; 80% of the subjects were 45-70 years of age. Carotid ultrasound and lipid analysis were performed for each subject. The 98 study subjects were classified into control and stroke-risk groups based on the presence of carotid artery stenosis. Subjects exhibiting <30% carotid artery stenosis were used as the control group; subjects displaying >30% carotid artery stenosis were classified as stroke-risk subjects. Stroke-risk subjects were divided into groups 1 and 2 based on the degree of stenosis. Subjects having >30% carotid artery stenosis in one or more locations were classified as stroke-risk group 1. Subjects exhibiting >30% stenosis in more than three locations were indicated as stroke-risk group 2. Stroke-risk group 1, therefore, included all the subjects of stroke-risk group 2. Some of the subjects in group 2 had suffered strokes.
Carotid Ultrasound
A diasonics duplex B-mode imager with pulse Doppler real-time spectral analysis was used in this study (model DRF-400 RV, Diasonics, Milpitas, Calif.). Measurement of percent stenosis was performed as described by Grotta et al. 48 Carotid ultrasound measurements were obtained at three different positions: distal common, bulb, and proximal internal in both the carotid arteries (six measurements).
Lipid Analysis
Total serum cholesterol, triglycerides, LDL, and HDL measurements were performed according to the standardized techniques followed by the Lipid Research Clinics of the National Institutes of Health. 49 
DNA Analysis
Chromosomal DNA was isolated from peripheral blood lymphocytes as described by Baas et al 50 and Blin and Stafford. 51 To 10 ml blood collected in the presence of ethylenediaminetetraacetic acid (EDTA), 30 ml of lysis buffer containing 155 mM NH 4 C1, 10 mM NHJICOj, and 0.1 mM EDTA and 1.1 ml 3.8% sodium citrate were added, and the suspension was incubated on ice for 15 minutes with occasional shaking. Then the sample was centrifuged at 5000g for 10 minutes at 4°C. The pellet was washed once with 5 ml lysis buffer and suspended in 4.5 ml of 75 mM NaCl-25 mM EDTA, pH 
Southern Analysis
Approximately 10-20 /xg DNA was digested with 2 units of Sac I or Pst 1/^u.g DNA for approximately [16] [17] [18] [19] [20] hours according to the manufacturer's suggestion. The digested DNA was separated electrophoretically on 1% agarose gel. The DNA fragments were transferred to nitrocellulose membrane according to Southern blotting procedure. 52 The filters were prehybridized overnight at 65°C in 6 x standard saline citrate (SSC), 50 mM Tris (pH 7.5), 1 mM EDTA, and 4xDenhardt's solution. Hybridization was performed by incubating the filters in a solution containing 10 6 cpm/ml of phosphorus-32-labeled 2.2-kb apo A-I gene probe, 3xSSC, 25 mM Tris (pH 7.5), 0.5 mM EDTA, and 2xDenhardt's solution. The niters were washed two times each in 3xSSC/0.2% SDS and 1.5xSSC/0.2% SDS at 65°C. The final wash was performed using 2xSSC at room temperature. Each wash lasted 15 minutes. Autoradiography was established using a Dupont Corenex intensifying screen at -70°C. 
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Apolipoprotein A-I Probe A 2.2-kb apo A-I gene was obtained by digesting the vector (pSV2 gpt) with EcoRl. 53 The 2.2-kb fragment was separated on low-melt agarose gel and purified. For Southern hybridization the 2.2-kb fragment was nicktranslated using 32 P deoxycytidine triphosphate. The apo A-I gene probe was provided by Dr. S. Karathanasis, Harvard Medical School, Boston.
Statistical Analysis
Mean cholesterol, triglycerides, LDL, and HDL values of different groups were compared using Student's t test analysis. The analysis of genotype frequencies was performed using x 2 analysis. Data are expressed as mean±SD.
Results
We analyzed 98 subjects for apo A-I gene polymorphism using a 2.2-kb apo A-I gene probe. Figure 1 shows the restriction map of apo A-I and C-III gene regions. When the apo A-I gene was used as a hybridization probe, two types of alleles were detected in Sac I restriction endonuclease-digested DNA samples. The common allele generated invariant 5.7-kb and 4.5-kb gene fragments ( Figure 1 and Figure 2 , left panel), whereas the uncommon allele produced invariant 5.7-kb and 3.2-kb polymorphic (S2) DNA fragments either with or without the 4.5-kb fragment (SI) (Figure 1 and Figure 2 , right panel). The uncommon, polymorphic Sac I allele, 52, arises from the presence of an additional Sac I recognition site located in or close to the 3' noncoding region of the apo C-III gene and is about 2.7 kb downstream of the apo A-I gene. Using Pst I endonuclease, it is shown that the apo A-I probe hybridizes to a common allele (PI) of 2.2 kb and an uncommon allele (P2) of 3.3 kb (Figures 1 and 3) . The uncommon P2 allele site is at the 3' end of the apo A-I gene, about 300 bp to the apo A-I gene.
The genotype and allele frequencies of the polymorphisms detected by Sac I and Pst I restriction endonucleases are shown in Table 1 . The genotype frequency of Sac I polymorphism was high in both stroke-risk groups compared with the control group. However, the difference was not statistically significant. On the other hand, the genotype frequency of Pst I polymorphism was almost similar in the control and stroke-risk groups. A comparison of S2 and P2 allele frequencies in the control and the two stroke-risk groups revealed that S2 allele frequency was higher in both stroke-risk groups (0.14 and 0.1 in groups 1 and 2, respectively) compared with the control group (0.06). The allele frequency of polymorphic Pst I was almost similar in the control and stroke-risk groups.
The data were analyzed further to determine the possible correlations between the genotype expressed and the lipoprotein phenotype exhibited in the three different groups ( Table 2 ). The information displayed in Table 2 illustrates that there was no significant difference in the total serum cholesterol between all three groups. However, stroke-risk group 2 exhibited significantly higher levels of triglycerides and LDL compared with the control group and stroke-risk group 1 (/7<O.O5). Furthermore, both stroke-risk groups showed significantly lower levels of HDL (/><0.05).
. -•
. -> FIGURE 3. Autoradiogram of Pst / digests of DNA obtained from different study subjects and probed with apolipoprotein A-I. Hybridization pattern reveals some subjects with only 2.2-kb common fragment and others with 2.2-kb fragment and the polymorphic 3.3-kb fragment.
An analysis was performed to determine whether race-oriented differences existed in regard to apo A-I genotype and serum lipid components. When the frequency of Sac I polymorphism was compared between American white (n=70) and black («=28) subjects, the frequency of Sac I polymorphism was significantly higher in black subjects (* 2 =3.92, p<0.05). The numbers of white and black subjects exhibiting Sac I polymorphism were 12 of 70 and 10 of 28, respectively. Among the serum lipids, all lipids except triglycerides were similar in both racial groups. In white subjects, the level of serum triglycerides was significantly higher (150±66 mg/dl) than in black subjects (121±50 mg/dl) (/?<0.05). Further, an analysis was carried out within each racial group. Both American white and black subjects were classified into three groups: control and stroke-risk groups 1 and 2 ( Table 3) . As in the population study, these racial groups were classified based on the degree of carotid artery stenosis. The control group included subjects with <30% stenosis. Stroke-risk group 1 consisted of subjects with >30% stenosis in one or more locations. Stroke-risk group 2 consisted of subjects with severe stenosis, having >30% stenosis in more than three locations. In both white and black groups there was increased frequency of Sac I polymorphism in both 'Number of subjects with and without S2 or P2 allele. Stroke-risk group 1, subjects with >30% carotid artery stenosis in one or more locations; stroke-risk group 2, subjects with >30% stenosis in more than three locations.
stroke-risk groups. Approximately 17%, 50%, and 45% of black subjects in the control group and stroke-risk groups 1 and 2, respectively, exhibited Sac I polymorphism. However, when compared with control subjects, Sac I polymorphism did not reach the significance level because of the small number of subjects. Similarly, the allele frequency of Sac I polymorphism in black subjects was higher in the stroke-risk groups (0.25 and 0.22 in groups 1 and 2, respectively) compared with the control group (0.08). But there were no significant differences in serum lipids between the control and stroke-risk groups.
In the American white population approximately 14%, 18%, and 20% of the control group and stroke-risk groups 1 and 2, respectively, displayed Sac I polymorphism. The frequency of Sac I polymorphism was high in both stroke-risk groups (0.10 in both groups) compared with the control group (0.07) but was not statistically significant. However, serum lipids were significantly different between the control and stroke-risk groups. Significantly higher levels of serum cholesterol and LDL existed in both stroke-risk groups compared with the control group (p<0.01).
Discussion
The subjects in our study were analyzed for carotid artery stenosis, apo A-I gene polymorphism, and serum lipids. The extent of stenosis was compared with the frequency of Sac I and Pst I RFLPs in the apo A-I-C-III gene cluster to assess their relation in identifying subjects who are susceptible to strokes. Comparison was also made to serum lipid phenotypes such as cholesterol, triglycerides, LDL, and HDL levels.
Our population study revealed that a relation exists between the extent of carotid stenosis, levels of serum triglycerides, LDL, HDL, and Sac I polymorphism. The frequency of Sac I polymorphism was higher in the stroke-risk group displaying significant carotid stenosis (0.10) compared with the control group (0.06), although the difference was not statistically significant. In addition, the stroke-risk group comprising subjects with diffuse carotid artery stenosis (stroke-risk group 2) exhibited significantly higher levels of serum triglycerides and LDL (p<0.05) and significantly lower levels of serum HDL (p<0.05). These observations indicate a possible association between Sac I polymorphism and serum lipids in the stroke-risk group displaying diffuse carotid stenosis. We also observed an inverse relation between triglycerides and HDL. A similar inverse relation has been reported for ABIs and CHD. 455455 Several studies indicate that Sac I polymorphism in the apo A-I-C-III gene cluster is associated with hypertriglyceridemia, 2829 ' 56 -62 suggesting that the polymorphic site may be present in such a location to alter the structure, function, or expression of apo C-III, which could be etiologic in hypertriglyceridemia. Apo C-III is a component of chylomicrons, very low density lipoprotein (VLDL), and HDL. 63 The physiological role of apo C-III is not clear, but it has been suggested that it may modulate lipoprotein lipase activity by interfering with apo C-II-induced activation of lipase. 54 Our population study revealed virtually identical variant Pst I allele frequency in both the control and stroke-risk groups. Several investigators have observed variations in the frequency of the Sac I and Pst I polymorphic allele between racial groups.
2224 - 28 -3055 Analysis of our subjects based on their racial back- grounds resulted in the emergence of certain differences regarding Sac I polymorphism and serum lipids. The frequency of Sac I polymorphism was significantly higher in black compared with white subjects (^2=3.92, /7<O.O5). Serum triglyceride content was significantly higher in white than in black subjects (p<0.05). None of the other serum lipids showed significant differences between the two racial groups. Similarly, several other investigators observed variations in the frequency of the Sac I polymorphic allele between different racial groups. 2829 If the polymorphic allele is linked to a mutation affecting lipoprotein metabolism, either in apo A-I or apo C-III genes or in a neighboring gene, the mutation may have occurred after the divergence of the races. The difference in the frequency of the polymorphic allele among various racial groups may be due to selection pressure for or against the allele or simply due to neutral drift.
In our study, risk for stroke was inferred by the degree of carotid artery stenosis as determined by ultrasound measurements. We analyzed white and black study subjects to determine whether an association exists between carotid artery stenosis, serum lipids, and Sac I polymorphic genotype. From our study, a strong relation was apparent between LDL, total cholesterol, and carotid artery stenosis in white subjects, but not with Sac I polymorphism. However, no association with serum lipids was present in black subjects. In fact, all the serum lipid components except HDL were lower in the black stroke-risk group, with a higher frequency of polymorphic Sac I genotype compared with control subjects.
Mortality due to hypertension, hypertensive heart disease, and stroke as a direct complication of hypertension is several times higher in the American black than in the American white population. 65 - 66 The reported coronary heart disease mortality, on the other hand, is lower in black men but higher in black women. 6566 The decreased rates of CHD and myocardial infarction in black men prompted the search for mechanisms explaining this apparent vascular paradox. One such mechanism could be the higher relative levels of antiatherogenic HDL-cholesterol and lower atherogenic LDL-cholesterol compared with white men. Several studies show higher HDL-cholesterol and lower LDL-and VLDL-cholesterol in black compared with white subjects, 6768 and the differences are larger in men than in women. 69 Differences in HDL-cholesterol and complementary differences in VLDL-and LDL-cholesterol have been observed in several studies. Understanding the contribution of genetic and environmental factors to the elevated HDL-cholesterol of black men and associated protection against coronary artery disease risk may clarify further the protective, antiatherogenic nature of HDL. However, the increased frequency of Sac I polymorphic allele in the black stroke-risk group suggests that stroke risk due to carotid stenosis results from other risk factors but does not exclude abnormal metabolism of LDL, HDL, and triglycerides.
